Abstract Saline groundwater (SGW) is the underground saline water obtained from basalt layer through which seawater has infiltrated. SGW contains more than 10,000 mg/L dissolved salt solid, the value of which is less than that of seawater. As part of its safety test, single and repeated oral dose toxicity tests were conducted with male and female ICR mice for 14 days. In single oral dose test with dosage of 10, 30, and 50 mL/kg, no gross changes in appearance or mortality were observed. In repeated oral dose test with dosage of 8, 14, and 20 mL/kg, no significant changes in mortality or weights of body and organ were observed. Additional analysis of serum biochemical parameter and histopathology also indicated no meaningful change during the tests. When taken all together, these results show that no toxicity of SGW could be found with single and repeated toxicity tests. However, for final conclusion of safety, further toxicity studies need to be performed with animal and human subjects.
Introduction
Minerals are one of the vital sources, since they cannot be synthesized. Thus, they should be taken in the diet [1] . Sodium ion (Na ? ) is an abundant cation in extracellular fluid. It is also involved in the maintenance of plasma osmotic pressure and regulates blood pressure, solute transport, and synaptic transmission in cooperation with potassium ion (K ? ) through the Na ? -K ? pump [2, 3] . Calcium ion (Ca 2? ) acts as a second messenger with cAMP and is used as a main signaling molecule in most muscles [4] [5] [6] . Magnesium ion (Mg 2? ) is a well-known cofactor in various enzyme reactions and an essential factor in protein synthesis, mitochondrial integrity, or improving glycerol control [7, 8] . Low intake of those minerals can induce mineral imbalance of the body and cause various nutrition deficiency symptoms, such as anemia, ataxia, and nausea [9] . On the other hand, overconsumption of minerals can induce hypercalciuria, hypercalcemia, hypotension, or diarrhea [9] . There is also a report that deficiency of some minerals, such as Mg 2? , brings about lung cancer [10] .
Saline groundwater (SGW) is obtained from basalt layer into which seawater has infiltrated [11] . Unlike common groundwater of inland, SGW contains more than 10,000 mg/L dissolved solid but less than that of seawater [12] . SGW is a result of seawater infiltration through basalt layer and the mixing of seawater and groundwater so that it has both the properties of seawater and groundwater [11] . SGW have a characteristic composition of minerals such as Na ? , K ? , Ca 2? , and Mg 2? [11] . Despite this special character and usefulness, the safety tests of SGW as a food source have rarely been studied. Previously, we performed several toxicity tests, including eye and skin irritation test Dong Gun Lee and Mindong Lee have contributed equally to this work. [13] . Here, we conducted single and repeated oral dose toxicity tests of SGW employing ICR mice to prove no toxicity of SGW by oral treatment.
Materials and methods

Animals
Five-week-old male and female ICR mice were purchased from Shizuoka Laboratory Center (Seoul, Korea) and acclimatized to the test facility for a week. ICR mice were housed in the Gyerim Experimental Animal Resource Center of Korea University (Seoul, Korea). The facilities were maintained under 12-h light-dark cycle with 23 ± 2°C temperature and 55 ± 5% humidity. After acclimation, the animals were divided into several groups on their initial body weight basis. All animals were given access to food and water ad libitum. This research was performed in accordance with permit of the Korea University Institutional Animal Care and Use Committee (KUIACUC-2016-105 
Single oral dose toxicity tests
After one-week acclimation, ICR mice were divided into four groups, each of which consisted of five male or female ICR mice. Each group included a control group. After gross observation, each experimental group was orally administered with SGW samples once at concentrations of 10, 30, and 50 mL/kg, respectively. Gross appearance and mortality were observed every day for 30 min, before measuring food intake. The amount of food intake was measured every day, and body weight was measured every 3 days. After the experiments, all groups were killed and body weight and their organ weights of heart, kidney, spleen, and liver were measured.
Repeated oral dose toxicity tests
Each group consisted of five male and female ICR mice. Each experimental group was orally administered with SGW samples every day at concentrations of 8, 14, and 20 mL/kg, respectively, after gross observation. The gross appearance and food intake were observed daily for 30 min, and the body weight was measured every 3 days. After 14-day experiment, all animals were killed and body weight was measured. Their blood samples were collected, and weights of heart, kidneys, spleen, and liver were measured after removal. Blood serum was collected from whole blood by centrifugation at 12,0009g for 30 min. The total protein, albumin, globulin, glucose, total cholesterol, aspartate amino transferase (AST), alanine transaminase (ALT), blood urea nitrogen (BUN), creatine, uric acid, P, Ca 2? , Mg 2? , phospholipid, triglyceride, and free fatty acid were analyzed by Eone Laboratories (Incheon, Korea). Meanwhile, the removed organs were weighed to be sectioned for histopathology. Each organ was fixed in 10% buffered formalin to be embedded in paraffin. After sectioning, hematoxylin and eosin (H&E) were used for staining [14, 15] . All data analysis was conducted using Student's t test.
Results
Saline groundwater has the characteristics of both deep seawater and groundwater. In addition, it has abundant minerals that are essential for body ion balance. We have performed single and repeated oral dose toxicity tests to make sure of the safety and toxicity of SGW. During 14 days for single oral dose toxicity tests, no gross change in appearance was observed among the administered groups (10, 30, and 50 mL/kg), compared to the control group. While the body weight of ICR mice continuously increased during the experiment, the administered groups had no statistical difference in body weight compared to the control group. There was also no statistical difference in relative organ weights (% of body weight) of the heart, spleen, kidneys, and liver among the administered groups with a few exceptions as follows: Female heart and liver of the 50 mL/kg group had a statistically significant decrease (p \ 0.05), while male liver of the 50 mL/kg group had a statistically significant decrease (p \ 0.01), compared to the control group (data not shown).
In repeated oral dose toxicity tests, no gross change in appearance was observed among female and male ICR mice groups during the experimental period of 14 days with various concentrations of SGW. In addition, no statistical difference in final body weight (g) or body weight gain (%) has been found with the three tested groups (8, 14 , and 20 mL/kg), compared to control (Table 1) . When relative organ weights (% of body weight) of the heart, spleen, kidneys, and liver were compared to the control, no statistical difference was observed among the administered groups with two exceptions as follows: Female liver of the 14 mL/kg group and male liver of the 20 mL/kg groups had a statistically significant change (p \ 0.05), compared to the control (Figs. 1, 2 ). In the serum parameter analysis, the values of administered groups showed no statistical difference from those of the control except few exceptions ( Table 2 ). The histopathological data also have shown no symptom of organ damage with the administered groups in comparison with the control (Fig. 3) . Data are represented as mean ± SD (n = 5). No statistical difference for each body weight item has been found between control and the treated groups 
Discussion
Gross changes in appearance and body weight are significant parameters to decide the degree of the sample toxicity. In single and repeated oral dose toxicity tests, no gross change in appearance was observed among female and male ICR mice groups for 14 days with various concentrations of SGW. Although there were some statistical deviations from general trends in single and repeated oral dose toxicity tests as mentioned above, the overall extent of change was not dependent on the administered concentrations of SGW. This means that the relative organ weight described above had no trend of change with the increase in SGW. The results obtained above with single and repeated oral dose toxicity tests have shown that no toxicity is observed with SGW. Serum biochemical parameter analysis is performed to estimate the individual physical condition of the experimental subject. The liver plays critical roles in the metabolisms of fat, protein, and carbohydrate [16] . It is also involved in both the maintenance of blood glucose level and the synthesis of bile and lipoprotein. ALT and AST are liver-associated enzymes, the values of which indicate the leakage concentration level of hepatic enzymes into blood circulation [17] . Thus, elevated levels of ALT and AST could be evidence of injured liver [16, 18] . It appeared that although in a few cases the relative liver organ weight of female and male groups had statistical difference compared to the control, such kind of statistical change was not systemically observed for either single or repeated oral dose toxicity tests. In addition, the level of ALT and AST for the administered groups showed no statistical difference compared to the control (Table 2) , with the exception of female administered groups at which the level of ALT was much lower than control, indicating the healthier liver condition of the administered groups. It has been reported that increased levels of BUN and creatine reflect a higher risk of heart failure [19, 20] . In the serum parameter analysis of BUN and creatine, the values of administered groups showed no statistical difference from those of the control. This kind of phenomenon was also observed with the other serum parameters. Although there were a few exceptions, there was also no specific trend of the parameter change with the increase in SGW concentrations, Fig. 2 Change in organ weight in the repeated oral dose toxicity test for A male heart, B male kidney, C male liver, D male spleen. Data are represented as mean ± SD (n = 5). *p \ 0.05 compared to the control Table 2 Serum biochemical analysis with oral administration SGW in repeated oral dose toxicity test for 14 days suggesting that the treatment of SGW had no influence on the tested toxicity. Although the mineral dosage of SGW is lower than that of deep-sea water due to the mixing with inland fresh groundwater, the minerals from SGW may be relatively safer, since SGW is obtained after seawater filtration into basalt layer [11] . Because of this fact, we have one more way to use seawater safely. That is, with effective removal of NaCl, SGW could be employed as a rich and safe source of various minerals, such as Mg, K, and Ca [21, 22] . This fact would make open the way to use SGW directly in any commercial product. For example, it is known that the Mg component among minerals has many beneficial effects for human health. Mg 2? is one of the mineral components to treat hypomagnesemia and diabetes mellitus as well as various cardiovascular diseases [13, [21] [22] [23] . In another examples, deep-sea water of relatively high Mg 2? content had positive effects on diabetes mellitus [22] as well as on the inhibition of adipogenesis [24] . Thus, like deep-sea water, SGW from Jeju could be employed to treat the various diseases mentioned above. We expect that Jeju saline groundwater could be an appropriate source of magnesium and other important minerals. In our future research, we plan to turn our attention to magnesium ion (Mg 2? ) from deep-sea water and saline groundwater. Together with our previous study of eye and skin irritation tests, our present study shows that no degree of toxicity was found with Jeju saline groundwater. For further verification of the safety of Jeju saline groundwater, more safety tests might be performed to maximize the potential of its usefulness in commercial products, including drink, food, and cosmetics. Fig. 3 Histopathological images of ICR mice organs in the repeated oral dose toxicity test. Sample organ tissues were obtained from mice treated with 20 mL/kg dosage; a female organ, b male organ. Organs were stained with H&E, sectioned, placed on cover glass to be observed with fluorescence upright microscope (Axio Imager M1, Carl Zeiss)
